A Burkholderia cepacia population naturally occurring in the rhizosphere of Zea mays was investigated in order to assess the degree of root association and microbial biodiversity at five stages of plant growth. The bacterial strains isolated on semiselective PCAT medium were mostly assigned to the species B. cepacia by an analysis of the restriction patterns produced by amplified DNA coding for 16S rRNA (16S rDNA) (ARDRA) with the enzyme AluI. Partial 16S rDNA nucleotide sequences of some randomly chosen isolates confirmed the ARDRA results. Throughout the study, B. cepacia was strictly associated with maize roots, ranging from 0.6 to 3.6% of the total cultivable microflora. Biodiversity among 83 B. cepacia isolates was analyzed by the random amplified polymorphic DNA (RAPD) technique with two 10-mer primers. An analysis of RAPD patterns by the analysis of molecular variance method revealed a high level of intraspecific genetic diversity in this B. cepacia population. Moreover, the genetic diversity was related to divergences among maize root samplings, with microbial genetic variability markedly higher in the first stages of plant growth; in other words, the biodiversity of this rhizosphere bacterial population decreased over time.
The study of the genetic structures of microbial populations is important not only for understanding their ecological role in natural environments but also any biotechnological application, in which it is necessary to predict the fate of genetically engineered microorganisms released into the environment and to identify the source of epidemic outbreaks of pathogenic bacteria (52) . In recent years, the interest in soil microorganisms has increased, as they are a key factor in nutrient cycling and the maintenance of soil fertility. Moreover, rhizobacteria which establish positive interactions with plant roots, plant growth-promoting rhizobacteria (PGPR), play a key role in agricultural environments and are promising for their potential use in sustainable agriculture (7) . Bacterial root colonization is affected by biotic and abiotic factors, such as dynamics of microbial populations in the rhizosphere, plant characteristics, and soil types. An analysis of genotypic and phenotypic characteristics of indigenous rhizobacteria can help to clarify the mechanisms of interaction between them and plant roots. This comprehension may represent the basis for the utilization of PGPR as inoculants because successful establishment in the rhizosphere depends on their ability to colonize roots and to compete with indigenous microflora (27) . Furthermore, any microbial utilization in agriculture requires an evaluation of the environmental risks associated with the introduction of indigenous or nonindigenous microorganisms into the plant rhizosphere (24) as well as an assessment of the most suitable conditions for effective and successful establishment of the PGPR inoculum in the rhizosphere of the host plant (8, 9) . The approach to both problems is based on an accurate characterization of bacterial populations naturally associated with roots.
Microbial populations can undergo temporary variations in genetic structure due to selective pressure exerted by the environment, which causes genetic exchanges within a local population and migrations between distinct populations. The knowledge of the genetic structure of a bacterial population in the rhizosphere can help in relating its changes to environmental variations over time (39, 51) . For example, it is well-known that production and diffusion of root exudates, which represent nutritional sources for rhizosphere microorganisms (4, 36) , are affected by plant development (20) . Thus, the composition and activity of rhizosphere microflora are likely to be altered as a function of time because of changes that occur in the exudation patterns of roots as plants age. As a consequence, the development of more adapted microorganisms may be favored, thus resulting in genotype selection. An understanding of the mutual influence between rhizosphere environment and genetic diversity patterns of local microbial populations seems to be a requirement for evaluating the impact produced by a microbial inoculum which could affect a preexisting balance among indigenous populations. Therefore, an analysis of the genetic structure of a microbial population has practical importance; the results can be used to assess the fate of released strains and their impact on resident microbial communities.
The aim of this work was to analyze the genetic diversity of Burkholderia cepacia, a bacterial species which seems to be closely associated with Zea mays roots, representing over 4% of the total culturable rhizobacteria (21) . B. cepacia strains have previously been reported to promote plant growth (21, 41) and to antagonize and repress soilborne maize pathogens, such as those belonging to the genus Fusarium (6). These properties make B. cepacia an attractive subject for studies of plant-microbe interactions. As B. cepacia is also known as an opportunist pathogen in patients with cystic fibrosis, preliminary studies have been made to provide evidence of differences among clinical and environmental isolates and to assess the risk associated with the use of rhizosphere isolates. A comparison of phenotypic traits among B. cepacia strains of different origins (1) and an investigation of their genetic diversity (41) showed important differences among rhizospheric and clinical strains. Further studies are necessary to elucidate the mechanisms involved in root association and in human pathogenicity and to better type different B. cepacia isolates.
Furthermore, B. cepacia is characterized not only by an extraordinary nutritional versatility but also by an unusual genomic organization (29) . In fact, the B. cepacia genome contains multiple chromosomes, each regulated by a separate control system and whose number and size vary among isolates. B. cepacia also harbors an extensive array of insertion sequences (IS elements), which contribute significantly to determining the genomic plasticity which plays an important role in the capacity of this species to evolve new functions and to adapt to different environments.
Therefore, it is very interesting to investigate the influences of various conditions and environmental stress on genetic rearrangements and variability to provide insights into the high metabolic versatility of B. cepacia species.
In this work, we investigated the root colonization and genetic diversity of a B. cepacia population associated with maize roots during plant development in one growing season. Analyses of B. cepacia strains were carried out at various stages of maize growth with the following three objectives: (i) to assess the degree of association between the indigenous B. cepacia population and maize roots throughout plant development, (ii) to investigate the genetic variability of this B. cepacia population, and (iii) to evaluate the influence of plant development on bacterial biodiversity.
Several classical and/or molecular techniques are available for identifying and analyzing the biodiversity of bacterial strains of a natural population; they include Biolog automated analysis (26) , multilocus enzyme electrophoresis techniques (51, 52) , PCR ribotyping (28) , analysis of enterobacterial repetitive intergenic consensus sequences amplified by PCR (5, 46) , insertion element (IS) fingerprinting (46) , and the random amplified polymorphic DNA (RAPD) method (14, 19, 47, 50) .
In the present work, the identification and analysis of genetic polymorphisms of B. cepacia strains isolated from maize roots were carried out by a combination of molecular, PCR-based techniques which had previously been successfully applied to studies of bacterial populations isolated from different natural environments (11, 12, 17) . The strategy adopted required the following sequential steps. (i) Strains isolated from maize roots were firstly grouped into clusters corresponding to bacterial species on the basis of analysis of restriction patterns of DNA coding for 16S rRNA (16S rDNA) amplified by means of PCR (ARDRA) (10, 17, 18, 25, (43) (44) (45) . DNA digestion was performed by using the tetrameric restriction enzyme AluI, which seems to generate species-specific restriction patterns, as previously shown (11, 12, 17, 32) . (ii) Strains were assigned to a bacterial species by comparing their restriction patterns with those of reference strains; furthermore, nucleotide sequencing of the 16S rDNAs of some representatives of each ARDRA pattern were carried out. (iii) Biodiversity among strains assigned to the species B. cepacia was checked by the RAPD technique (14, 47, 50) , and the data obtained were further analyzed by the analysis of molecular variance (AMOVA) method (13) .
MATERIALS AND METHODS
Isolation of B. cepacia strains. Maize plants (cv. Fir) were cultivated in an experimental field with no previous cropping history of maize, located at S. Maria di Galeria, Rome, Italy. The soil composition was as follows: sand, 47%; clay, 39%; silt, 14%; organic C, 2.38% (wt/wt); the pH was 6.04, and the moisture holding capacity was 0.28 ml/g. Plants were collected throughout the 1995 growing season at the more significant stages of maize development (Table 1) . At each sampling, eight plants were randomly harvested, roots were excised, and loosely adhering soil was removed. Each root was weighed, blended, and resuspended in phosphate-buffered saline (Flow Laboratories). Serial dilutions of these suspensions were plated on nutrient agar (NA; Difco) and semiselective PCAT medium (2) to estimate the counts of total culturable microflora and microorganisms belonging to B. cepacia species, respectively. NA and PCAT plates were incubated at 28°C for 48 and 96 h, respectively. As seen in previous experiments, B. cepacia colonies showed on PCAT medium their characteristic morphology; they were small (diameter, about 1 mm) and white or pale yellow with well-defined margins. Colonies showing different morphologies were also recovered on this medium, but they were not included in B. cepacia counts.
In order to compare the characteristics of B. cepacia isolates, bacterial isolations from each sampling were always performed with the same dilution (fresh weight per volume) of root samples, i.e., 100-fold dilution from PCAT plates with 50 to 100 colonies. A total of 133 bacterial colonies were collected as follows: 15, 16, 33, 39, and 30 from the first, second, third, fourth, and fifth samplings, respectively. At each sampling, the B. cepacia-like colonies isolated represented about 70% of the total according to the percentage of their growth on PCAT medium. From all five samplings, 94 B. cepacia-like colonies were isolated (11, 12, 23, 27 , and 21 from the first, second, third, fourth, and fifth samplings, respectively), but colonies with different morphologies were also taken up in order to investigate to which species they belonged. Isolates were subjected to single-colony isolation on PCAT medium and cryopreserved at Ϫ80°C in 30% glycerol.
Some strains isolated at different stages of plant growth were analyzed with the API 20NE test (Bio-Mérieux, SA, Marcy l'Etoile, France) in order to characterize their biochemical and nutritional properties.
Sample preparation prior to PCR amplification. Isolated strains were grown overnight on NA at 28°C. For each strain, a single whole colony was picked up, resuspended in 20 l of sterile distilled water, and heated to 95°C for 10 min to obtain cell lysis.
ARDRA. Amplification of 16S rDNA was performed with 2 l of each lysate cell suspension in 20 l of Promega Taq buffer containing 1.5 mM MgCl 2 with 150 ng (each) of primers P0 and P6 (Table 2) , 250 mM (each) deoxynucleoside triphosphates, and 1 U of Taq DNA polymerase (Promega). The reaction mixtures were incubated in a thermocycler (model 9600; Perkin-Elmer) at 95°C for 1 min and 30 s and then cycled 35 times through the following temperature profile: 95°C for 30 s, annealing temperature (T a ) for 30 s, and 72°C for 4 min. The T a was 60°C for the first 5 cycles, 55°C for the next 5 cycles, and 50°C for the last 25 cycles. Finally, the mixtures were incubated at 72°C for 10 min and then at 60°C for 10 min.
The universal primers P0 and P6 were designed on the basis of the conserved eubacterial sequences at the 5Ј and 3Ј extremes of the 16S rDNA gene, respec- The position corresponds to the number of the E. coli rDNA position where the 3Ј end of the primer anneals in forward (f) or reverse (r) orientation.
tively, allowing the amplification of nearly the entire gene (17) . The primers were synthesized by standard phosphoramitide chemistry, deprotected, dried, dissolved in Tris-EDTA buffer (31) , and used without any further purification.
Two microliters of each amplification mixture was analyzed by agarose (1.2% [wt/vol]) gel electrophoresis in Tris-acetate-EDTA (TAE) buffer (31) containing 0.5 mg (wt/vol) of ethidium bromide per ml.
A 5-l aliquot of each PCR mixture containing approximately 1.5 g of amplified 16S rDNA was digested with 3 U of the restriction enzyme AluI (Boehringer Mannheim) in a total volume of 20 l at 37°C for 3 h. The enzyme was inactivated by heating the reaction mixture to 65°C for 15 min. The reaction products were analyzed by agarose (2.5% [wt/vol]) gel electrophoresis with TAE buffer containing 0.5 mg of ethidium bromide per ml.
Sequencing of 16S rDNA. The amplified 16S rDNA was purified from the reaction mix by agarose (0.8% [wt/vol]) gel electrophoresis in TAE buffer with 0.5 mg (wt/vol) of ethidium bromide per ml. A small agarose slice containing the amplified band (observed under long-wave UV [312 nm]) was excised from the gel and purified by using a QIAquick gel extraction kit (Qiagen) according to the supplier's instructions.
Determination of the 16S rDNA nucleotide sequence was performed by an enzymatic method (38) by using a Promega fmol (thermal cycle) DNA sequencing kit and 35 S-ATP to label the synthesized DNA. The reactions were performed for 30 thermal cycles according to the instruction manual with the primers listed in Table 2 , which were designed on the basis of conserved eubacterial sequences. The primers, which did not show palindromic sequences of longer than four bases or complementarity at the 3Ј extreme, were denatured at 90°C for 2 min before use. The T a used in cycle sequencing was 50°C.
Analysis of sequence data. Sequences were aligned with the most similar ones of the Ribosomal Database Project (30) by using the MacVector 4.1.4 program (International Biotechnology Inc., Symantec Corporation) and with those found at the National Center for Biotechnology Information by using the BLAST program. The alignment was manually checked and analyzed.
RAPD analysis. Amplification reactions were performed in 25 l of Dynazime buffer containing 3 mM MgCl 2 , 2 l of each lysate cell suspension, 500 ng of primer, 200 mM (each) deoxynucleoside triphosphates, and 0.625 U of Taq thermostable DNA polymerase (Dynazime). The reaction mixtures were incubated in a thermocycler (model 9600; Perkin-Elmer) at 90°C for 1 min and 95°C for 1 min and 30 s. They were then cycled 45 times through the following temperature profile: 95°C for 30 s, 36°C for 1 min, and 75°C for 2 min. Final extension was carried out at 75°C for 10 min and then at 60°C for 10 min.
Two 10-mer primers, AP12 (5Ј-CGGCCCCTGC-3Ј) and AP5 (5Ј-TCCCGCT GCG-3Ј), with GC contents of 90 and 80%, respectively, were used. A 5-l volume of each reaction mixture was electrophoresed on an agarose (2% [wt/ vol]) gel in TAE buffer and stained with 0.5 mg of ethidium bromide per ml to analyze amplified products. The amplification patterns were analyzed with a scanner densitometer (model GDS2000; Ultra-Violet Product Ltd.).
Statistics. (i) Population analysis. Bacteria population data were log transformed and successively analyzed by one-way analysis of variance (StatView 512ϩ; BrainPower Inc.).
(ii) AMOVA of amplification products. The vector of the presence or absence of RAPD markers (1 for the presence or 0 for the absence of each band on gels) for each strain was used to compute the measure of the genetic distance for each pair of strains. The measurement used was the Euclidean metric measurement (E) of Excoffier et al. (13) , as defined by Huff et al. (22) , as follows: E ϭ ε 2 xy ϭ n(1 Ϫ 2n xy /2n), where 2n xy is the number of markers shared by two individuals and n is the total number of polymorphic sites. The AMOVA procedure (13) was applied to estimate the variance components for RAPD patterns, partitioning the variations among samplings. All analyses were undertaken with the WINAMOVA program provided by L. Excoffier (University of Geneva).
Nucleotide sequence accession numbers. The 16S rDNA nucleotide sequences obtained in this study were submitted to the GenBank database, and the accession numbers are listed in Table 3 .
RESULTS
Isolation and identification of bacterial strains from the maize rhizosphere. Samples from maize roots collected from the experimental field in S. Maria di Galeria, Rome, Italy, gave rise to colonies showing different morphologies on PCAT medium. Among them, B. cepacia-like colonies represented about 70% of the total, regardless of the age of host plants (data not shown). A total of 133 colonies were isolated and were designated MCII followed by progressive numbers of isolation.
PCR amplification of 16S rDNA of each of the 133 isolates resulted in an amplification fragment (not shown) of about 1,450 bp. Restriction analysis of the amplified DNA of each sample with the enzyme AluI enabled nine ARDRA patterns to be recognized (Fig. 1) . Among them, ARDRA patterns 2 and 3 were the same as those obtained with the 16S DNAs from reference strains B. cepacia LMG 11351 (also named PHP7 [16, 42] ) and Pseudomonas putida PaW340 (15), respectively.
The ARDRA results were in agreement with the analysis of colony morphology. In fact, among 94 isolates showing the characteristic morphology of B. cepacia, 85 (about 90%) had the ARDRA pattern, pattern 2, corresponding to that of the B. cepacia species. Moreover, some randomly chosen representatives of each ARDRA pattern were tested by API 20NE test to characterize their biochemical and nutritional properties. The results showed that strains with ARDRA patterns 2 and 3 had the characteristic metabolic activities of B. cepacia and P. putida, respectively. The API 20NE test also enabled the assignment of the 33 strains showing ARDRA pattern 4 to the Pseudomonas and Burkholderia genera. API tests carried out with isolates representative of the other six ARDRA patterns did not give enough information about their relationships with defined bacterial species or genera.
Moreover, the data obtained from 16S rDNA restriction analysis and physiological tests were confirmed by determining the 16S rDNA sequence of six randomly chosen strains showing ARDRA pattern 2 from positions 404 to 486 (according to Escherichia coli numeration). According to the Ribosome Database Project (30) , this region contains a sequence which appears to be typical of B. cepacia and which may be considered a "signature" of this species. As shown in Table 3 , all six strains showed a 16S rDNA sequence typical of the B. cepacia group. On this basis, all 85 isolates showing ARDRA pattern 2 were assigned to B. cepacia. Moreover, about 25% of isolates were represented by the 33 strains with ARDRA pattern 4, which differed from that of B. cepacia only by the presence of an additional band (Fig. 1) . For these reasons, we almost completely determined the 16S rDNA sequence of one of the strains with ARDRA pattern 4 (strain MCII8). This sequence was compared with the most similar ones contained in databases, and phylogenetic analysis showed that the strain belonged to a Burkholderia species other than B. cepacia. Indeed, it joined a cluster of Burkholderia strains placed very closely to Burkholderia caryophylli (GenBank accession no. U91570) (data not shown). The 16S rDNA sequence of P. putida PaW340 from positions 404 to 486 (according to E. coli numeration) confirmed the assignment of strains showing ARDRA pattern 3 to P. putida. It was not possible to assign strains showing the other six ARDRA patterns to a given bacterial species because of the lack of known reference strains.
API 20NE tests carried out with some B. cepacia isolates revealed no differences in nutritional properties among them, whereas differences in some biochemical properties (nitrate reduction and glucose fermentation) were found (data not shown). In fact, some strains appeared to be able to reduce nitrate or to ferment glucose, some had both of these activities, and others had neither.
Colonization of maize rhizosphere by B. cepacia and total culturable bacteria. B. cepacia and total culturable bacteria on maize roots were enumerated by plating sample dilutions on PCAT and NA media, respectively, at each of the five samplings performed during plant development. As described above, 90% of B. cepacia-like colonies may be assigned to this bacterial species by the ARDRA technique. Therefore, the data obtained by counting B. cepacia-like colonies on PCAT medium were corrected on the basis of ARDRA results so that at each sampling 90% of B. cepacia-like CFU were ascribed to B. cepacia.
The colonization of maize roots by B. cepacia and total culturable bacteria is shown in Fig. 2 . The numbers of total culturable and B. cepacia cells recovered from maize roots did not vary significantly throughout plant growth (P Ͼ 0.05) and oscillated around means of 8.63 and 6.3 log CFU per g (fresh weight) of root, respectively. The number of B. cepacia cells recovered from the maize rhizosphere ranged from 0.6% of total culturable microflora at the early stages of plant development to a maximum of 3.6% in mature plants. RAPD analysis. The DNAs of lysed-cell suspensions of 85 B. cepacia strains were amplified by the RAPD technique with two 10-mer primers, AP12 and AP5. The reproducibility of the results was verified in independent experiments (data not shown). An example of the amplification patterns is shown in Fig. 3 . Amplification of genomic DNAs of B. cepacia strains with primers AP12 and AP5 gave rise to 33 and 57 bands, respectively, for a total of 90 RAPD markers, whose dimensions ranged from 180 to 2,100 bp. The amplification patterns obtained with primer AP5 exhibited a higher level of polymorphism than did those obtained with primer AP12.
The RAPD patterns obtained were represented by the presence or absence of 90 vector markers. Each RAPD pattern was compared with each other, and E was calculated (not shown). The matrix elicits one salient point. There is considerable variation within this bacterial population, since 68 haplotypes were found among the 83 strains analyzed (the DNAs from two strains did not give any amplification band with the two primers used).
We used the AMOVA method to analyze RAPD variation within the B. cepacia populations isolated at five different samplings. The AMOVA data, obtained from E, showed highly significant (P Ͻ 0.008) genetic differences (6.41%) among the five samplings (Table 4) . To investigate whether this genetic diversity was related to divergence among strains and/or samplings, we analyzed all the possible combinations of two, three, and four samplings ( Table 4) . Most of the total molecular variance was attributable to divergences among strains and can be calculated by determining the complement to 100% for each variance value reported in Table 4 . All the combinations where samplings 1 and 5 were taken together (Table 4) showed very significant (P Ͻ 0.01) high variability (7.37 to 25.23%). However, the genetic diversity between sampling 5 and each of the others (1 through 4) is significant (P Ͻ 0.05). Therefore, at least part of the genetic diversity may be attributed to divergences among strains collected at different plant growth stages.
The relationships among these 83 strains were represented as a dendrogram (Fig. 4) by using E and the neighbor-joining method (37) . The unrooted dendrogram looks more like a bush than like a tree, as previously described for a bacterial population with frequent recombinations (49) . Moreover, the upper part of the dendrogram appears to be more variable than is the lower part. Strains from samplings 4 and 5 seem to be grouped together. The data revealed that the genetic diversity of the B. cepacia population studied decreased from the first to the last sampling; in other words, microbial variability diminished during plant growth.
DISCUSSION
A study of a B. cepacia population naturally associated with maize roots was carried out from the isolation of microorganisms in situ and proceeding up to their identification and an analysis of genetic variability among the strains isolated. On the basis of ARDRA analysis and 16S rDNA sequencing, most of the strains (about 88%) isolated from maize roots were assigned to the genus Burkholderia. Among them, 85 strains were assigned to B. cepacia and 33 to a Burkholderia species very close to B. caryophylli. In particular, B. cepacia seemed to be strictly associated with maize roots, probably being one of the most representative bacterial species in the maize rhizosphere. Furthermore, colonization of the maize rhizosphere by B. cepacia was not significantly affected by plant development.
B. cepacia strains were analyzed by RAPD fingerprinting for the following purposes: (i) to check the genetic structure of the population by evaluating intraspecific variability and (ii) to investigate how the degree of polymorphism changes during plant growth. RAPD fingerprinting revealed a high degree of genetic diversity within the B. cepacia population; among the 83 strains analyzed, 68 distinct haplotypes were found. The data derived from our AMOVA analysis of RAPD markers were used to construct a dendrogram representing the genetic relatedness of strains. Although such a dendrogram does not imply phylogenetic relationships, it is nevertheless of considerable value in the interpretation of data, allowing the definition of the considered population as clonal or not (23, 33, 40) . The dendrogram looks more like a bush than like a tree, as previously shown for other soil microbial populations. This is in agreement with other reports showing that the clonal model of population structure currently held for bacterial species (3, 48) does not apply to bacteria living in soil, because these bacteria have a greater chance of encountering different coexisting strains in their local environment than do commensal and pathogenic species that rarely occur as mixed infections in a host. Therefore, parasexual mechanisms of genetic transfer and consequent genetic recombination seem to be much more frequent in bacterial species which are adapted to living in soil (49) . In particular, the genomic complexity and plasticity of B. cepacia (29) favor intraspecific variability, which confers a high capacity to adapt to diverse environments. The data reported in this work are also in agreement with previous studies of the genetic structure of a lotic population of B. cepacia (51) . Multilocus enzyme electrophoresis showed that this bacterial species is not obligatorily clonal; measurements of genetic similarity between strains revealed significant differences among the subpopulations at sediment sampling points, suggesting bacterial adaptation to a heterogeneous environment.
The present work showed that plant development significantly affected the biodiversity of a B. cepacia population associated with maize roots. An analysis of the genetic variability of B. cepacia at different samplings revealed that the degree of polymorphism during the early stages of maize growth, i.e., at the end of germination, was higher than that during the last stages of plant growth, when maturation is complete. Indeed, strains collected at the last stage of the maize life cycle can be clustered together. A possible explanation for this finding is that as their growth is coming along, plants tend to establish a balanced condition. In fact, it may be expected that the rhizosphere of a young immature plant represents a more unstable ecosystem than does the rhizosphere of a mature plant, probably because young plant roots represent a new element in the soil. In general, a single bacterial species may be able to exhibit different types of population structures, depending on environmental conditions. A bacterial population whose structure resembles the pattern typical of a freely recombinant population could produce certain genotypes which would be favored under stress conditions (52) . In fact, in a rapidly changing environment, recombination would provide an extensive gene pool and natural selection would favor some genetic combinations which, under better conditions, might propagate extensively in a clonal manner (23, 51) . Mc Arthur et al. also found that genetic diversity increased with environmental variability in soilborne forms of B. cepacia (34) . In mature plants, the habitat represented by the rhizosphere becomes more stable and uniform, resulting in a selective pressure which may promote preferably some genotypes within each local microbial population. Consequently, bacteria living in the rhizosphere may show a trend to adapt themselves to a more stable environment, resulting in the loss of less favorable characters. A high level of genetic diversity has also previously been found in a Rhizobium meliloti population isolated from Medicago sativa nodules (35) . Although significant genetic differences were detected among R. meliloti strains isolated from different soils and from different plant varieties cultivated in the same soil, no significant genetic differences were observed among strains isolated at successive samplings, indicating that this bacterial population was stable throughout the seasons, probably because these microorganisms live in a protected niche represented by nodules. On the contrary, rhizosphere microflora seems to be more influenced by temporal changes of environmental factors than does local microflora of root nodules. In a lotic ecosystem, temporal variations of environmental conditions have also previously been shown to be as- FIG. 4 . Dendrogram showing genetic relationships among 83 B. cepacia isolates, based on RAPD patterns produced with primers AP12 and AP5. Genetic distances were calculated by using E (13) . Each isolate is identified by its number (see Materials and Methods), which is preceded by a symbol which indicates the sampling at which the isolate was collected from maize roots. sociated with changes in the genetic structure of a B. cepacia community associated with a particular site (52) because of selective processes, given that physical conditions in temperate streams change annually at most sites.
In conclusion, intraspecific biodiversity enables environmental microorganisms to adapt to changing habitats, resulting in those biotypes which respond better to the stresses being favored. Moreover, microbial biodiversity represents a very rich source of useful microorganisms, whose potential capabilities are still largely unexplored.
The fact that plant development may exert some influence on the genetic variability of rhizosphere B. cepacia populations suggests that in the selection of B. cepacia strains to be used as maize inoculants, one should take into account the plant growth stage among other factors. Indeed, the progressive increase in the B. cepacia number with respect to the number of total culturable microflora during maize growth confirmed that the association established by B. cepacia with maize roots appeared to be closer as the plant developed. Moreover, the gradual decrease in bacterial genetic variability during plant growth may be due to the establishment of haplotypes better adapted to the host plant, suggesting that it is more advantageous to select B. cepacia strains from the late plant growth stages in order to develop an effective and successful PGP inoculum. Further studies that evaluate the genetic temporal variation of B. cepacia are needed to draw final conclusions on the prevalence of some genotypes in this species and to investigate whether specific functions involved in PGP activity may be correlated with distinct haplotypes.
